Point-by-point fabrication of micro-Bragg gratings in photosensitive fibre using single excimer pulse refractive index modification techniques by Albert, J. (Jacques) et al.
POINT- BY -POINT FABRICATION OF 
MICRO-BRAGG GRATINGS IN 
PHOTOSENSITIVE FIBRE USING SINGLE 
EXCIMER PULSE REFRACTIVE INDEX 
MODI FlCATlON TECH NlQU ES 
B. Malo, K. 0. Hill, F. Bilodeau, D. C. Johnson and 
J. Albert 
Indexing terms: Opticalfibres, Laser applications 
Optical fibre Bragg reflectors have been fabricated using a 
single pulse of high power 249nm excimer laser light to 
photoindua point-by-point each individual index element 
forming the grating. Bragg reflectors with a length of 360pm 
and reflectivity of 70% have been made. 
Introduction: Hill et al. [l] demonstrated the use of a KrF 
excimer laser to write point-by-point the index perturbations 
that can be used to configure in-fibre mode convertor grat- 
ings. In this waveguide-grating formation method, a small 
section (length W) of photosensitive optical fibre is exposed 
from the side to a collimated beam of ultraviolet light passing 
through a mask containing a slit of width W .  The light irra- 
diation increases slightly the refractive index of the core in the 
exposed fibre section (photosensitive response). The fibre is 
then translated in a direction parallel to the fibre axis through 
a distance A corresponding to the pitch of the grating and a 
second small fibre section of length W is irradiated. The 
length W of the exposed fibre section is typically of order A/2. 
By repeating the irradiation and translation process, a period- 
ic sequence of index perturbations is written point-by-point to 
form a grating structure in the fibre core. The point-by-point 
writing technique is highly effective for fabricating spatial 
mode convertors [l, 23 and polarisation mode convertors [3, 
41 that have periods A ranging from tens of micrometres to 
tens of centimetres. The principal advantage of writing grat- 
ings used the point-by-point technique is flexibility. The 
period of the grating is easily controlled and grating structures 
that have chirped periods or apodised coupling coefficients are 
possible [SI. 
We report extension of the point-by-point technique to the 
fabrication of efficient 1500nm resonant fibre Bragg grating 
reflectors operating in the 2nd or 3rd order that have a 
grating pitch of A zz 1 and 1.5 jm, respectively. 
For point-by-point fabrication of Bragg gratings, we rely on 
photoinducing refractive index changes in the fibre core using 
a single pulse from an excimer laser [6, 7l. Each element of 
the grating is written by imaging a slit on the photosensitive 
fibre core and then using a single laser pulse to illuminate the 
slit at normal incidence. The process for photoinducing an 
index change at the fluence levels used in single pulse writing 
has been shown to be very nonlinear [8, 91. Thus, the diffi- 
culties intrinsic to the point-by-point writing process that are 
associated with the need to align and translate the fibre 
through the image plane of the slit are reduced significantly. 
In single pulse writing with a focused light beam, photoin- 
duced index changes occur only in the focal region where the 
light intensity is above a fairly sharply defined threshold [8, 
91. Furthermore, the size of the region in which the refractive 
index changes occur can be smaller than the spot size. of the 
focused light beam. 
We demonstrate point-by-point writing of in-fibre Bragg 
gratings using singleexcimer-light-pulse irradiation. The 
devices we have made are short length (<05mm) micro- 
Bragg fibre reflectors with high reflectivity. 
Experiment and results: We write the point-by-point Bragg 
reflectors using ultraviolet light that is generated by an 
unstable cavity resonator Lumonics EX-510 KrF excimer 
laser and which has passed through a slit (with 15pm). A 
lens ( N A  = 0.25, focal length 15mm) images the slit on the 
core of the optical fibre with the long dimension of the image 
oriented perpendicular to the axis of the optical fibre. In the 
image plane, we estimate that the image size is 500 x 1.5pm2 
and that the fluence level produced by a single 248 nm ultra- 
violet light pulse is 5 J/cm2. With these irradiation conditions, 
the width W of the photoinduced perturbation in the fibre 
core is estimated to be - 0 . 7 ~ .  Bragg gratings can then be 
fabricated, using the point-by-point technique that we have 
described previously, by translating the fibre between each 
irradiation step with the aid of in interferometrically con- 
trolled translation stage. The whole point-by-point writing 
process has been automated so that the triggering of the 
excimer laser and the precision stepping of the fibre are 
carried out under computer control. 
Using the point-by-point fabrication technique, we have 
made 1500nm fibre Bragg reflectors in Andrew D-type polari- 
sation maintaining fibre (cutoff wavelength 1 2 0 0 ~ 1 ,  beat 
length LE = 7mm at 1300~1 ,  core/cladding An = 0.031 and 
elliptical core size 2 x 4pm’). The fibres are irradiated from 
the side through the flat cladding side of the D shaped fibre. 
The period A required for a grating in the D-fibre to reflect 
light in first order at 1500nm is 530nm. Because the width W, 
of index perturbation photoinduced in the fibre core using our 
experimental setup is larger than the 530nm period, we are 
unable, at present, to fabricate first order 1500nm Bragg using 
the point-by-point technique. Instead we have fabricated 
Bragg gratings which reflect light in the 2nd order or 3rd 
order at 1500nm. Fig. 1 illustrates the spectral response of a 
3rd order Bragg grating reflector in a wavelength region sur- 
rounding the resonator wavelength. In this case the grating 
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Fig. 1 Reflection spectrum ofthird order Bragg grating 
Peak reflectivity is -70% 
period is A = 1.59pm and the grating contains 225 index per- 
turbations resulting in a device length of 360pm. The grating 
has a peak reflectivity of 70% at 1536nm and an FWHM (full 
width at half maximum) of 2.7 nm. We calculate the refractive 
index modulation An,,, for the third-order Bragg reflector at 
1536 nm to be 0.006. 
These micro-Bragg reflectors also act as taps for light at 
wavelengths shorter than the first-order resonance wave- 
length. The spectral transmission response of the taps is 
similar to the response obtained for Bragg gratings fabricated 
using a phase mask and single pulse excimer laser irradia- 
tion.* At wavelengths shorter than the resonance wavelength, 
the Bragg grating couples the light out of the core into radi- 
ation modes of the waveguide. The effect is manifested as a 
light loss in transmission through the B r a g  reflector. In the 
case of the Bragg reflector whose spectral response is shown in 
Fig. 1, the loss in the spectral region surrounding the reson- 
ance wavelength is too low to be measured directly. We are 
able however, to measure a transmission loss of 0.2dB for 
1536nm light passing through a longer grating structure (700 
steps, length 954pm) having the same period. Thus, we esti- 
mate the insertion loss of the 360pm micro-Bragg reflector in 
the spectral region surrounding the 1536nm resonance to be 
less than 0-1 dB. 
Another characteristic of the micro-Bragg reflectors is that 
light reflection can be obtained at wavelengths which satisfy 
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the Bragg resonance conditions for higher order reflections. 
The 1 . 5 9 ~  period micro-Brag grating has a strong 4th 
order resonance at 1 150 nm which we have also observed. 
Conclusions: Short length micro-Brag reflectors have been 
made using the point-by-point fabrication technique by single 
excimer laser pulse irradiation. The reflectors are short 
(< 0.5 mm) and have high reflectivity and may 6nd applica- 
tions as DFB reflectors for semiconductor lasers, point sensors 
and as fibre taps that appear promising for back plane inter- 
connect using optical fibre waveguides. Furthermore the 
point-by-point fabrication technique is very flexible, thereby 
permitting the fabrication of gratings with a variety of differ- 
ent lengths, grating periods and spectral responses. 
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